To improve our understanding of radar backscatter and microwave emission from the sea surface, and of relevant physical processes, including wave breaking and near-surface turbulence.
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WORK COMPLETED
Five papers have been published (see list of Publications, (1) thru (5)), which represent theoretical work summarized in last year's Progress Report. A sixth paper (6) on the asymptotic form of vertical jets from standing waves has been accepted for publication and will appear in November 2001. A seventh paper, with David Drazen, which describes the experiments carried out in the S.I.O. Hydraulics Laboratory, will be presented at the November meeting of the APS Fluid Dynamics Division in San Diego. Other experimental and theoretical studies are in progress.
RESULTS
1.
We have shown theoretically that progressive gravity waves incident on a vertical wall or cliff will produce periodic standing waves only if the incident wave steepness ak is quite small, certainly less than 0.284, whereas the maximum value of ak for a progressive Stokes wave is 0.443. Thus there is a significant range of wave steepness, namely 0.284 < ak < 0.443, for which the reflected motion cannot be periodic. The same is true of two opposing trains of gravity waves having the same steepness ak. The lower limit to ak could be less than 0.284 and must be determined experimentally.
2. With the assistance of David Drazen, laboratory experiments have been carried out in which an incident wave train of almost uniform steepness ak in the range 0.200 < ak < 0.285 encountered a vertical plane barrier. At wave steepnesses greater than 0.236 an interesting instability was observed in which every third wave crest was steeper than the crest preceding or following it; see Figure 1 . The steepest waves in each triplet ultimately developed sharp crests or vertical jets (see Figure 2 ). The two neighboring crests were rounded, flat-topped or of an intermediate type. The sequence in which these occurred was different from that found by Jiang et al. (7) in their experiments on forced standing waves. The rate of growth of the instability was by a factor of 2.2 for every wave triplet, that is a factor of 1.3 per basic wave period. This growth-rate was found to be almost independent of the wave steepness ak, above the lower critical limit.
3. A theoretical solution has been obtained (11) for the vertical jets thrown up by a standing wave (or a wave incident on a barrier). Analytically, the surface profile displays a sharp cusp in the limit as the time t becomes large. In the lowest approximation, the expression for the free surface is cubic in the coordinates x and y. In the next approximation, in which quartic terms are added, the solution describes analytically the transition from a rounded crest to a sharp-pointed (cusp-like) jet; see Figure 3 . It is expected that an extension to higher approximations will also yield canonical forms for flat-topped wave crests.
IMPACT
These basic results are likely to have implications for our understanding of jets and spray thrown up by standing waves in the open ocean (we reemphasize that such waves are not uncommon) and hence for the consequent anomalous radar backscatter. They also have a direct application to waves impacting vertical cliffs or harbor walls. The dynamics of ships' bow-waves is probably related. 
